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Description
Background of the invention

[0001] The present invention relates to charged particle beam equipment such as an electron microscope and an ion
microscope.

[0002] For observation in an electron microscope and an ion microscope, a specimen is usually magnified through a
lens. In this case, the resolution of a magnified image is restricted by aberrations of the lens, which results in two orders
of magnitude decrease in resolution as compared to the wavelength of a beam. To address this problem, an aberration
correction technique to reduce the aberration of the lens has been developed. However, there is a problem of increased
cost of the equipment.

[0003] A phase retrieval method or a Fourier iterative phase retrieval method (R.W. Gerchberg and W.O. Saxton, "A
practical algorithm for the determination of phase from image and diffraction plane pictures"”, Optik, vol. 35, pp. 237-246,
1972) is a method (hereinafter, referred to as "phase retrieval method" in this specification) for reconstructing an object
image from a diffraction pattern.

[0004] A diffraction pattern can be obtained without using a lens, so that, in the phase retrieval method, it can be
expected to observe an image with a high resolution and without the influence of the aberrations of the lens. In an X-
ray technique where a lens can not be generally used, a technique for reproducing an object image from a diffraction
pattern using the phase retrieval method has been advanced, which enables an image observation with a resolution of
about the wavelength. Further, although a lens is used, an example of applying the phase retrieval method to an electron
microscope has been reported (J.M. Zuo et al., "Atomic Resolution Imaging of a Carbon Nanotube from Diffraction
Intensities", Science, Vol. 300, pp. 1419-1421, 2003).

Brief summary of the invention

[0005] In order to explain a problem of the present invention, processing procedures of the phase retrieval method
will be described.

<Explanation of the principle of the phase retrieval method>

[0006] An image observed by a microscope intrinsically contains information of its amplitude and phase. However,
the observed intensity of the image is the square of the amplitude, and the phase information does not appear directly
in a normal observation method. This fact is also true in an object space where an object image is observed and in a
reciprocal space where a diffraction pattern is observed.

[0007] The object space and the reciprocal space have the following relation. That is, if the amplitude and phase
information can be completely obtained in one of the spaces, the other one can be completely reproduced by the Fourier
transform in a mathematical sense.

[0008] The phase retrieval method is a method to reconstruct an object image, in which a diffraction pattern is obtained
by observation and the phase of the reciprocal space is obtained by calculation. In the calculation, the amplitude that is
the square root of the observed diffraction pattern is set as a constraint condition of the reciprocal space, and some kind
of constraint condition is set in the object space, so that the phase is reproduced little by little while repeating the Fourier
transform and inverse Fourier transform.

[0009] For the following description, technical terms are defined as follows.

[0010] With respect to an image in the object space, three terms of "reconstructed image", "magnified image", and
"object image" are used hereinafter. The "reconstructed image" represents an object space image in process of phase
retrieval procedure, and the "magnified image" represents an image of the object space observed by a microscope. The
"object image" essentially represents the whole image of the object space including the "reconstructed image" and the
"magnified image". However, in order to clarify the explanation hereinafter, the final result obtained by the phase retrieval
method is referred to as the "object image".

[0011] An iteration procedure will be schematically shown in Fig. 1.

[0012] As an initial condition, some kind of image (for example, a random pattern, a low resolution magnified image,
or the like) is Fourier transformed to obtain information of an amplitude (F(k)) and a phase (¢) in the reciprocal space.
While the phase information is left as it is, the amplitude information is replaced by that (F’ (k) that is referred to as a
constraint condition in the reciprocal space) of the diffraction pattern obtained by observation to perform the Fourier
transform again (which is performed as the inverse Fourier transform with respect to the former Fourier transform).
Among amplitude (f(x)) information and the phase (¢) information of the object space obtained by the inverse Fourier
transform, while the phase information is left as it is, a result (f(x)) obtained by applying some kind of constraint condition
(for example, the amplitude information except for the area of a specimen is set to 0) to the amplitude information is
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Fourier transformed. Among the obtained amplitude and phase information in the reciprocal space, while the phase
information is left as it is, the amplitude is replaced by that of the diffraction pattern to perform the Fourier transform,
thus obtaining the amplitude and phase information of the object space. By repeating this procedure, the phase information
of the reciprocal space is reproduced. After sufficiently reproducing the phase information, the amplitude information of
the diffraction pattern and the phase information are inverse Fourier transformed to reconstruct an object image.
[0013] Since the phases in both of the reciprocal space and the object space can be reproduced in process of the
phase retrieval, it is possible to obtain the phase image of the object space by using the phase retrieval method. Further,
it is possible to visualize an electric field and a magnetic field which are conventionally obtained by an electron beam
holography or other methods.

<Explanation of a method to obtain a diffraction pattern and explanation of a camera length>

[0014] A diffraction pattern can be obtained in such a manner that beams that are substantially parallel to each other
are illuminated on a specimen and the beams that pass through the specimen (or reflected beams) are detected at a
sufficiently-far position. Therefore, a lens is not essentially required on the back side (the side opposite to an optical
source along the optical axis) of the specimen. At this time, a distance from the specimen to a detection plane is referred
to as a camera length.

[0015] However, a lens effect of an objective lens on the back side of the specimen is generally utilized in an electron
microscope, and the diffraction pattern formed at a back focal plane is magnified by a subsequent lens (projection lens).
The camera length in this case is defined depending on a position apart from the specimen where the same diffraction
spot intervals can be obtained in the case where the above-described lens is not present.

[0016] When the object image is reconstructed from the diffraction pattern by the procedure in Fig. 1, the diffraction
pattern and the objectimage have the relation of the Fourier transform. Accordingly, an image size F of the object image
to be reconstructed is obtained by following formula (1) using a camera length L, a pixel size p of a detector for detecting
the diffraction pattern, and a wavelength A of the electron beam determined on the basis of an acceleration voltage.

F=2-AL/p (1)

[0017] However, in an electron microscope and an ion microscope to which the phase retrieval method is applied, the
wavelength, the camera length, and the pixel size are changed due to the following reasons in accordance with the
material of the specimen to be observed and the resolution to be required.

* The energy (acceleration voltage) of the electron beam used in the electron microscope is selected in accordance
with an object to be observed, so that the wavelength of the illumination beam is accordingly changed. For example,
in order to obtain a higher resolution, the specimen is observed at an acceleration voltage of 200kV, 300kV, or more.
When the beam illumination damage to the specimen is decreased or the contrast of a composition or a shape of
the specimen is made clearer, an electron beam with an acceleration voltage of 30kV or less is used.

* ACCD, afilm, animaging plate, or the like is usually used for detection, and the size of a detection plane (a product
of a pixel size and the number of pixels in the vertical and horizontal directions) is constant in many cases. It is
desirable to change the size of the diffraction pattern in the detection plane in accordance with the resolution to be
required, so that the camera length is changed in accordance with the resolution to be required.

* In the case where the CCD, the film, the imaging plate, or the like can be switched for use as in a transmission
electron microscope, a detection pixel size is different for each detector to be used. Further, in the case of the CCD
camera, a method (binning) for detecting in units of plural pixels is used in some cases due to the data transfer rate
and the saturated amount of detection.

[0018] Therefore, the image size F of the object image to be reconstructed by the Fourier transform is not constant
and is changed for each observation condition.

[0019] On the other hand, the diffraction pattern reflects all information of a specimen area on which the beam is
illuminated.

[0020] When the above-described observation condition is changed, the image size obtained by performing the Fourier
transform for the diffraction pattern is accordingly changed. Thus, if the beam illumination on the specimen is constant,
the specimen information forming the diffraction pattern is not equal to the object image reconstructed from the diffraction
pattern.

[0021] As another problem, plural procedures are necessary in the electron microscope and the ion microscope to
which the phase retrieval method is applied, and thus, it takes a lot of time until the object image is obtained. On the
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contrary, in a conventional electron microscope and a conventional ion microscope, changes in the image follow those
in the observation condition such as changes in magnification ratio and movement of the specimen.

[0022] Therefore, whenactually applying the phase retrieval method to the charged particle beam microscope, following
way of observation is appropriate: a method using a normal lens is utilized for observing movement to determine the
position of the specimen to be observed and for roughly observing a structure and the phase retrieval method is applied
in the case of obtaining a higher resolution. However, time reduction in the object image reconstruction is practically
required.

[0023] The following is a brief explanation of the representative summary of the invention disclosed in the present
application to solve the above-described problem.

[0024] Specifically, charged particle beam equipment or a charged particle beam microscope of the present invention
includes an illumination adjustment system which allows the area of a beam illuminated on a specimen for obtaining a
diffraction pattern to have a certain relation with the image size of an object image to be reconstructed even in the case
where the wavelength of the charged particle beam, a camera length at the time of obtaining the diffraction pattern, and
the pixel size of a diffraction pattern detector are changed.

[0025] Further, charged particle beam equipment or a charged particle beam microscope of the present invention
includes a deflector which scans a specimen with an illumination beam, and which allows a deflection width with which
the specimen is scanned to have a certain relation with an image size determined by the wavelength of the charged
particle beam, a camera length at the time of obtaining a diffraction pattern, and the pixel size of a diffraction pattern
detector.

[0026] According to the charged particle beam equipment and the charged particle beam microscope of the present
invention, the illumination area on the specimen for obtaining the diffraction pattern is substantially equal to the size of
the image reconstructed by the phase retrieval method, so that the diffraction pattern is substantially equal, in a math-
ematical sense, to the object image to be reconstructed in just proportion of information. Further, the phase retrieval
method is performed using the magnified image that has a certain relation, in size, with the image obtained by performing
the Fourier transform for the diffraction pattern, so that the converge of the calculation becomes faster, and the accuracy
is enhanced.

Brief description of the drawings
[0027]

Fig. 1 is a diagram showing a processing procedure of a phase retrieval method;

Figs. 2A and 2B are schematic diagrams showing main constituent elements of a scanning electron microscope
according to a first embodiment;

Fig. 3 is a diagram showing a case in which an illumination area on a specimen is specified by two illumination
lenses in the first embodiment;

Figs. 4A and 4B are schematic diagrams showing main constituent elements of a transmission electron microscope
according to a second embodiment;

Fig. 5 is a diagram showing a case in which an illumination area on a specimen is specified by two illumination
lenses in the second embodiment; and

Fig. 6 is a diagram showing an example of a graphical user interface when the phase retrieval method is applied in
the embodiments.

Detailed description of the invention

[0028] Hereinafter, preferred embodiments will be described using the drawings.

[0029] The present invention can be applied to not only a scanning electron microscope, but also charged particle
beam equipment such as a microscope using charged particles such as an electron microscope and an ion beam
microscope including a transmission electron microscope.

[First embodiment]

[0030] As an example of charged particle beam equipment, a scanning electron microscope (SEM) and a scanning
transmission electron microscope (STEM) will be shown in a first embodiment.
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<Explanation of constituent elements of a scanning electron microscope and a scanning transmission electron micro-
scope>

[0031] Figs. 2A and 2B are schematic diagrams of a scanning electron microscope and a scanning transmission
electron microscope according to the first embodiment. An electron beam emitted from an electron source 1 is illuminated
on a specimen 3 through an illumination lens 2.

[0032] As shown in Fig. 2A, a magnified image is observed by displaying on an image display unit 105 in such a
manner that the beam is converged on the specimen 3 through the illumination lens 2 and scanned on the specimen 3
or the vicinity of the specimen 3 by a deflector 4, and an electron beam 53, which passes through the specimen 3 and
is detected by a transmission electron detector 51, or a secondary electron/reflection electron 54, which is generated
from the specimen 3 and is detected by a secondary electron/reflection electron detector 52, is synchronized with a
deflection signal of the deflector 4. It should be noted that a scanning transmission electron microscope (STEM) obtains
an image with the beam which passes through the specimen using the transmission electron detector 51.

[0033] A high voltage power supply 101 controls an acceleration voltage, an extraction voltage and an extraction
current of the electron source 1. An illumination lens control circuit 102 controls the intensity of the illumination lens 2,
and a deflection signal control circuit 103 controls the deflector 4. The signal detected by the transmission electron
detector 51 or the secondary electron/reflection electron detector 52 is amplified by an amplifier 61 and the amplified
signal is synchronized with the deflection signal of the deflection signal control circuit 103 in an image processor 104 to
be displayed on the image display unit 105 as a magnified image. The image synchronized with the deflection signal is
also recorded into an image recording section 106. The high voltage power supply 101, the illumination lens control
circuit 102, and the deflection signal control circuit 103 are controlled by an overall control system 110 that is a control
unit for the whole equipment.

[0034] AsshowninFig. 2B, adiffraction pattern 55 is obtainedin such a manner that parallel beams from the illumination
lens 2 are illuminated on the specimen 3 and the diffraction pattern is detected by a diffraction pattern detector 56 which
is located sufficiently apart from the specimen 3. A camera length L at this time is defined by a length between the
specimen 3 and the diffraction pattern detector 56. The camera length L is adjusted by a projection lens 7. The projection
lens 7 is controlled by a projection lens control circuit 107. The projection lens control circuit 107 is also controlled by
the overall control system 110.

[0035] A CCD camera, an imaging plate, a film or the like is used for the diffraction pattern detector 56. The obtained
diffraction pattern is digitized to be recorded into a diffraction recording section 62. The minimum unit of the digitized
pattern is referred to as a pixel size p. In the case where a CCD camera is used, the pixel size p is the same as that of
the CCD camera in some cases.

[0036] A phase retrieval process is performed for the recorded diffraction pattern in a computer 63, such as a personal
computer, that is a processor for processing digital data. Here, the magnified image recorded into the image recording
section 106 can be used as an initial condition or an object space constraint condition. A result of the phase retrieval
process performed by the computer 63 is displayed on the image display unit 105. The magnified image recorded into
the image recording section 106 may be displayed as it is on the image display unit 105.

[0037] As described above, the reconstructed image reconstructed by the phase retrieval method can be obtained by
performing the Fourier transform for the diffraction pattern obtained by observation. Therefore, an image size F of the
reconstructed image is determined by the formula (1). In the case where the phase retrieval process is performed while
keeping the pixel size p at the time of obtaining the diffraction pattern, it is desirable to set an illumination area so as to
be substantially equal to the image size F. In addition, it is possible to change the number of pixels of the image after
obtaining the diffraction pattern. In this case, an effective pixel size at the time of performing the phase retrieval process
is changed, and accordingly, the illumination area may be set so as not to be substantially equal to the image size F.
Even in the case where the number of pixels of the image is changed after obtaining the diffraction pattern and a ratio
to be changed is constant, the illumination area can be associated with the object image by setting the illumination area
at a constant magnification ratio of the image size F if the acceleration voltage and the camera length are changed.
[0038] In order to realize this object, an illumination adjustment system 201 is provided in the embodiment so as to
adjust a beam illumination area in the case where a wavelength A of the electron beam, the camera length L, and the
pixel size p are changed. The illumination adjustment system 201 obtains wavelength information of the illumination
beam, camera length information, and pixel size information from the high voltage power supply 101, the projection lens
control circuit 107, and the diffraction recording section 62, respectively, so as to set the illumination area corresponding
to the image size determined by the formula (1), and transmits the control information to an aperture control circuit 202
to be described later, the illumination lens control circuit 102, and the deflection signal control circuit 103.

[0039] There are some methods for adjusting the illumination area. The respective adjustment methods will be de-
scribed below.

[0040] Fig. 2A shows an adjustment system using an aperture AP. The aperture adjustment system 202 adjusts at
least one of an opening size of the aperture AP, a position along an optical axis AX, and rotation in an aperture plane
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by using the control information from the illumination adjustment system 201.

[0041] Although the opening of the aperture is usually circular in shape, it is desirable that the illumination area on the
specimen is rectangular in shape in order to correspond to the diffraction pattern. Therefore, the opening of the aperture
AP can be set to have a rectangular shape. In addition, it is desirable that the aperture AP has a rotation mechanism in
the aperture plane so that the opening of the aperture can be rotated on the specimen.

[0042] Fig. 3 shows an adjustment system configured by plural illumination lenses (a first illumination lens 21 and a
second illumination lens 22). The control information from the illumination adjustment system 201 is transmitted to the
illumination lens control circuit 102, and the illumination area is adjusted by controlling the first illumination lens 21 and
the second illumination lens 22.

[0043] These adjustment systems allow the illumination area of the diffraction pattern to be obtained to be associated
with the image size of the phase retrieval result, so that the diffraction pattern is substantially equal, in a mathematical
sense, to the reconstructed image in just proportion of information.

[0044] Further, in the case where the phase retrieval method is applied to the scanning electron microscope (SEM)
as in the embodiment, it is preferable to observe the specimen as with a normal SEM up to a certain level of resolution
(magnification), and to use the phase retrieval method when further increasing the resolution.

[0045] The effectiveness of using the low resolution magnified image as the initial condition and the object space
constraint condition in the phase retrieval process has already been proposed in International Publication No.
WO2005/114693A1.

[0046] When the diffraction pattern is obtained and the phase retrieval method is applied, the magnified image that is
substantially equal in size to the image obtained by performing the Fourier transform for the diffraction pattern is used,
so that the magnified image can be applied to the calculation as it is, and a calculation process can be performed at a
high speed. Further, since the phase retrieval image and the image obtained by the SEM observation have a good
relation in continuity, a user can observe with the feeling of less discomfort.

[0047] In order to realize this object, there is an effective method in which the control information from the illumination
adjustment system 201 is reflected on the deflector 4 used when obtaining the magnified image in Fig. 2A. As apparent
from Fig. 2A, the control information from the illumination adjustment system 201 is transmitted to the deflection signal
control circuit 103 to change at least one of the deflection width and the deflection rotation of the deflector 4, and to
adjust the illumination area on the specimen so as to correspond to the reconstructed image. Accordingly, it is possible
to perform the phase retrieval method using the magnified image that is substantially equal in size to the image obtained
by performing the Fourier transform for the diffraction pattern, the converge of the calculation becomes faster, and the
accuracy is enhanced.

[0048] In the first embodiment described above, the illumination adjustment system 201 which transmits the control
information to the aperture control circuit 202, the illumination lens control circuit 102, and the deflection signal control
circuit 103 is provided separately from the overall control system 110 that is an overall control unit. However, it is obvious
that the function of the illumination adjustment system 201 may be included in the overall control system 110. In this
case, the wavelength information, the camera length information, and the pixel size information to be required are
transmitted to the overall control system 110, and the overall control system 110 generates the control information to
the aperture control circuit 202.

[Second embodiment]

[0049] Next, an example of application to a transmission electron microscope (TEM) will be described as a second
embodiment.

<Example of application to a transmission electron microscope>

[0050] Figs. 4A and 4B are schematic diagrams, each showing a transmission electron microscope according to a
second embodiment. The electron beam emitted from the electron source 1 is illuminated on the specimen 3 through
the illumination lens 2 and a front-field lens effect OB1 of the objective lens. Under the same illumination optical condition
in the transmission electron microscope, the diffraction pattern can be obtained (Fig. 4A) and the magnified image can
be observed (Fig. 4B).

[0051] In the case where the magnified image is observed, the specimen image is magnified about ten times by a
back-field lens effect OB2 of the objective lens, and the magnified image is further magnified and projected on a detection
plane 57 by the projection lens 7, as shown in Fig. 4B. In general, the lens effects OB1 and OB2 are collectively referred
to as the objective lens OB.

[0052] On the other hand, in the case where the diffraction pattern is obtained, the diffraction pattern formed on a back
focal plane of the back-field lens effect OB2 of the objective lens is magnified and projected on the detection plane 57
by the projection lens, as shown in Fig. 4A.
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[0053] By providing plural projection lenses 7, the magnification ratio of the back-side focal plane can be changed. In
this case, a camera length L’ can be obtained by converting a diffraction spot interval d in the detection plane 57 into a
case in which the diffraction pattern is obtained without using a lens.

[0054] Inthe case where the wavelength A of the electron beam, the camera length L’ and the pixel size p are changed
by the observation condition, the beam illumination area on the specimen can be adjusted by changing the intensities
of the illumination lens 2 and the front-field lens effect OB1 of the objective lens 2 using the illumination adjustment
system, as similar to the first embodiment.

[0055] Further, when the first illumination lens 21 and the second illumination lens 22 are provided as a two-stage
configuration to immobilize afocal point FP of the second illumination lens 22, the beam illumination area on the specimen
3 can be adjusted by adjusting the first illumination lens 21 and the second illumination lens 22 while keeping constant
the condition of the objective lens OB. In Fig. 5, the constituent elements subsequent to the back-field lens effect OB2
of the objective lens are omitted.

[0056] The shape of the beam illumination area on the specimen 3 can be set depending on the opening shape of the
aperture AP, as similar to the first embodiment. In this case, it is desirable that a conjugate image of the aperture AP is
formed on the specimen 3. As similar to the first embodiment, it is desirable that the aperture AP has a rotation mechanism
in the aperture plane so as to rotate the opening shape of the aperture on the specimen.

<Explanation of an example of Graphical User Interface when applying the phase retrieval method>

[0057] Fig. 6 is an example of a Graphical User Interface (GUI) in the electron microscope of each of the first and
second embodiments. A graphical user interface 300 is included in the overall control system 110 shown in each of Figs.
2A and 3, and includes an object space image display unit 301 and a diffraction pattern display unit 302. The magnified
image, the reconstructed image in process of the phase retrieval, and the object image as a final result (the images
displayed on the image display unit 105 in each of Figs. 2A and 3) are displayed on the object space image display unit
301, and the diffraction pattern obtained by observation (the image recorded into the diffraction recording section 62 in
each of Figs. 2A, 2B and 3) is displayed on the diffraction pattern display unit 302.

[0058] The graphical user interface 300 further includes an acceleration voltage display unit 303, a camera length
display unit 304, and a pixel size display unit 305 which respectively display the acceleration voltage of the illumination
beam, the camera length, and the pixel size of the diffraction pattern detector. These values indicate the acceleration
voltage information, the camera length information, and the pixel size information in the high voltage power supply 101,
the projection lens control circuit 107, and the diffraction recording section 62 in each of Figs. 2A, 2B and 3. The
acceleration voltage, the camera length, and the pixel size can be input by a user, and these input values can be
transmitted to the illumination adjustment system 201 to be reflected on the illumination condition.

[0059] In the above explanation, the graphical user interface 300 is included in the overall control system 110 shown
in each of Figs. 2A and 3. However, it is obvious that the image display unit 105 shown in each of Figs. 2A and 3 can
be configured to display the graphical user interface 300.

Claims
1. Charged particle beam equipment comprising:

a charged particle beam source (1);

a charged particle optical system (2, 4) adapted to illuminate a charged particle beam generated from the
charged particle beam source on a specimen (3);

a diffraction pattern detector (56) adapted to detect the intensity of a diffraction pattern generated from the
specimen;

a computer (63) adapted to reconstruct an object image from the intensity of the diffraction pattern; and

an illumination adjustment system (201) adapted to determine the size of an illumination area of the charged
particle beam illuminated on the specimen on the basis of the size of the object image reconstructed by the
computer.

2. The charged particle beam equipment according to claim 1,
wherein the illumination adjustment system (201) is adapted to adjust the illumination area of the charged particle
beam to be substantially equal in size to the reconstructed object image.

3. The charged particle beam equipment according to claim 1,
wherein the illumination adjustment system (201) is adapted to reflect at least one of the wavelength of the charged



EP 2 015 342 B1

particle beam, a camera length at the time of obtaining the diffraction pattern, and the pixel size of the diffraction
pattern detector (56) to determine the size of the illumination area.

4. The charged particle beam equipment according to claim 1,
wherein the charged particle optical system (2, 4) includes an aperture (AP), and the illumination adjustment system
is adapted to adjust at least one of the size, position and rotation of an opening portion of the aperture.

5. The charged particle beam equipment according to claim 1,
wherein the charged particle optical system (2, 4) includes a plurality of charged particle beam lenses (21, 22), and
the illumination adjustment system is adapted to adjust the intensities of the plural charged particle beam lenses.

6. The charged particle beam equipment according to claim 1,
wherein the charged particle optical system (2, 4) includes a deflector (4), and the illumination adjustment system
is adapted to adjust at least one of the deflection width and deflection direction of the deflector.

7. The charged particle beam equipment according to claim 1,
wherein the computer (63) is adapted to use a phase retrieval method when reconstructing the object image from
the intensity of the diffraction pattern.

8. A charged particle beam microscope comprising:

the charged particle beam equipment according to any one of claims 1 to 3;

a deflector (4) adapted to scan the specimen (3) with the charged particle beam;

a charged particle detector (51, 52) adapted to detect a secondary charged particle or a transmission charged
particle generated from the specimen; and

an image display unit (105) adapted to display an image based on an output from the charged particle detector
or the diffraction pattern detector (56).

9. The charged particle beam microscope according to claim 8,
wherein the computer (63) is adapted to use a phase retrieval method when reconstructing the object image from
the intensity of the diffraction pattern.

10. A charged particle beam microscope comprising:

the charged particle beam equipment according to any one of claims 1 to 3;

wherein the charged particle optical system (2, 4) includes an illumination lens (2) and an objective lens (OB);
wherein the diffraction pattern detector is a detector (57) also adapted to detect a magnified image of the
specimen generated by illumination of the charged particle beam; and

wherein the charged particle beam microscope further includes:

a projection lens (7) adapted to magnify and project the diffraction pattern or the magnified image to the
detector (57); and
an image display unit (105) adapted to display an image based on an output from the detector.

11. The charged particle beam microscope according to claim 10,
wherein the computer (63) is adapted to use a phase retrieval method to reconstruct the object image from the
intensity of the diffraction pattern.

Patentanspriiche
1. Instrument mit Strahlen geladener Teilchen, umfassend:

eine Strahlenquelle (1) geladener Teilchen;

ein optisches System (2, 4) geladener Teilchen, das dazu ausgelegt ist, einen von der Strahlenquelle geladener
Teilchen erzeugten Strahl geladener Teilchen auf eine Probe (3) zu strahlen;

einen Beugungsmusterdetektor (56), der dazu ausgelegt ist, die Intensitdt eines von der Probe erzeugten
Beugungsmusters zu detektieren;
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einen Computer (63), der dazu ausgelegt ist, ein Objektbild aus der Intensitat des Beugungsmusters zu rekon-
struieren; und

ein Bestrahlungseinstellungssystem (201), das dazu ausgelegt ist, die GrolRe eines Bestrahlungsbereichs des
auf die Probe gestrahlten Strahls geladener Teilchen auf der Grundlage der Grof3e des vom Computer rekon-
struierten Objektbildes zu bestimmen.

Instrument mit Strahlen geladener Teilchen nach Anspruch 1,
wobei das Bestrahlungseinstellungssystem (201) dazu ausgelegtist, den Bestrahlungsbereich des Strahls geladener
Teilchen so einzustellen, dass er im Wesentlichen die gleiche GroRe wie das rekonstruierte Objektbild aufweist.

Instrument mit Strahlen geladener Teilchen nach Anspruch 1,

wobei das Bestrahlungseinstellungssystem (201) dazu ausgelegt ist, die Wellenlange des Strahls geladener Teil-
chen, eine Kameralange zum Zeitpunkt des Erhaltens des Beugungsmusters und/oder die Pixelgrofe des Beu-
gungsmusterdetektors (56) bei der Bestimmung der GréRRe des Bestrahlungsbereichs zu bericksichtigen.

Instrument mit Strahlen geladener Teilchen nach Anspruch 1,

wobei das optische System (2, 4) geladener Teilchen eine Blende (AP) enthalt und das Bestrahlungseinstellungs-
system dazu ausgelegt ist, die GroRe, die Position und/oder die Rotation eines Offnungsabschnitts der Blende
einzustellen.

Instrument mit Strahlen geladener Teilchen nach Anspruch 1,

wobei das optische System (2, 4) geladener Teilchen mehrere Linsen (21, 22) fiir Strahlen geladener Teilchen
enthalt und das Bestrahlungseinstellungssystem dazu ausgelegt ist, die Intensitédten der mehreren Linsen fir Strah-
len geladener Teilchen einzustellen.

Instrument mit Strahlen geladener Teilchen nach Anspruch 1,
wobei das optische System (2, 4) ein Ablenkelement (4) enthéalt und das Bestrahlungseinstellungssystem dazu
ausgelegt ist, die Ablenkungsbreite und/oder Ablenkungsrichtung des Ablenkelements einzustellen.

Instrument mit Strahlen geladener Teilchen nach Anspruch 1,
wobei der Computer (63) dazu ausgelegt ist, ein Phasenerfassungsverfahren zu verwenden, wenn das Objektbild
aus der Intensitat des Beugungsmusters rekonstruiert wird.

Mikroskop mit Strahlen geladener Teilchen, umfassend:

das Instrument mit Strahlen geladener Teilchen nach einem der Anspriiche 1 bis 3,

ein Ablenkelement (4), das dazu ausgelegt ist, die Probe (3) mit dem Strahl geladener Teilchen zu scannen;
einen Detektor (51, 52) geladener Teilchen, der dazu ausgelegt ist, ein geladenes Sekundarteilchen oder ein
von der Probe erzeugtes geladenes Transmissionsteilchen zu detektieren; und

eine Bildanzeigeeinheit (105), die dazu ausgelegtist, ein Bild auf der Grundlage einer Ausgabe aus dem Detektor
geladener Teilchen oder dem Beugungsmusterdetektor (56) anzuzeigen.

Mikroskop mit Strahlen geladener Teilchen nach Anspruch 8, wobei der Computer (63) dazu ausgelegt ist, ein
Phasenerfassungsverfahren zu verwenden, wenn das Objektbild aus der Intensitat des Beugungsmusters wieder-
hergestellt wird.

10. Mikroskop mit Strahlen geladener Teilchen, umfassend:

das Instrument mit Strahlen geladener Teilchen nach einem der Anspriiche 1 bis 3,

wobei das optische System (2, 4) geladener Teilchen eine Strahlungslinse (2) und eine Objektivlinse (OB) enthalt;
wobei der Beugungsmusterdetektor ein Detektor (57) ist, der ebenfalls dazu ausgelegt ist, ein durch Bestrahlung
mit dem Strahl geladener Teilchen erzeugtes vergréRertes Bild der Probe zu detektieren; und

wobei das Mikroskop mit Strahlen geladener Teilchen ferner enthalt:

eine Projektionslinse (7), die dazu ausgelegt ist, das Beugungsmuster oder das vergréRerte Bild fiir den
Detektor (57) zu vergréRern und zu projizieren; und

eine Bildanzeigeeinheit (105), die dazu ausgelegtist, ein Bild auf der Grundlage einer Ausgabe vom Detektor
anzuzeigen.
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11. Mikroskop mit Strahlen geladener Teilchen nach Anspruch 10,

wobei der Computer (63) dazu ausgelegt ist, ein Phasenerfassungsverfahren zum Rekonstruieren des Objektbildes
aus der Intensitat des Beugungsmusters zu verwenden.

Revendications

1.

Equipement & faisceau de particules chargées comportant :

une source de faisceau de particules chargées (1),

un systéme optique a particules chargées (2, 4) adapté pour éclairer un faisceau de particules chargées généré
a partir de la source de faisceau de particules chargées sur un échantillon (3),

un détecteur de figure de diffraction (56) adapté pour détecter l'intensité d’'une figure de diffraction générée a
partir de I'échantillon,

un ordinateur (63) adapté pour reconstituer une image objet a partir de l'intensité de la figure de diffraction, et
un systéeme de réglage de I'éclairage (201) adapté pour déterminer la taille d’'une zone d’éclairage du faisceau
de particules chargées éclairé sur I'échantillon en fonction de la taille de I'image objet reconstituée par I'ordi-
nateur.

Equipement & faisceau de particules chargées selon la revendication 1,
dans lequel le systéme de réglage d’éclairage (201) est adapté pour régler la zone d’éclairage du faisceau de
particules chargées pour qu’elle soit sensiblement égale en taille a 'image objet reconstituée.

Equipement & faisceau de particules chargées selon la revendication 1,

dans lequel le systeme de réglage d’éclairage (201) est adapté pour réfléchir au moins I'une de la longueur d’'onde
du faisceau de particules chargées, d’'une longueur de la caméra au moment de I'obtention de la figure de diffraction,
et de la taille de pixels du détecteur de figure de diffraction (56) pour déterminer la taille de la zone d’éclairage.

Equipement & faisceau de particules chargées selon la revendication 1,

dans lequel le systéme optique a particules chargées (2, 4) comprend une ouverture (AP), et le systéme de réglage
de I'éclairage est adapté pour régler au moins I'une de la taille, de la position et de la rotation d’'une partie d’'ouverture
de l'ouverture.

Equipement & faisceau de particules chargées selon la revendication 1,

dans lequel le systeme optique a particules chargées (2, 4) comprend une pluralité de lentilles a faisceau de particules
chargées (21, 22) et le systéme de réglage de I'éclairage est adapté pour régler les intensités de la pluralité de
lentilles a faisceau de particules chargées.

Equipement & faisceau de particules chargées selon la revendication 1,

dans lequel le systeme optique a particules chargées (2, 4) comprend un déflecteur (4) et le systéme de réglage
de I'éclairage est adapté pour régler au moins l'une de la largeur de déflexion et de la direction de déflexion du
déflecteur.

Equipement & faisceau de particules chargées selon la revendication 1,
dans lequel I'ordinateur (63) est adapté pour utiliser un procédé de récupération de phase lors de la reconstitution
de l'image objet a partir de l'intensité de la figure de diffraction.

Microscope a faisceau de particules chargées comportant :

I'équipement a faisceau de particules chargées selon I'une quelconque des revendications 1 a 3,

un déflecteur (4) adapté pour balayer I'échantillon (3) a I'aide du faisceau de particules chargées,

un détecteur de particules chargées (51, 52) adapté pour détecter une particule chargée secondaire ou une
particule chargée de transmission, générée a partir de I’échantillon, et

une unité d’affichage d'image (105) adaptée pour afficher une image sur la base de la sortie du détecteur de
particules chargées ou du détecteur de figure de diffraction (56).

9. Microscope a faisceau de particules chargées selon la revendication 8,

dans lequel I'ordinateur (63) est adapté pour utiliser un procédé de récupération de phase lors de la reconstitution

10
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de 'image objet a partir de I'intensité du modéle de diffraction.
10. Microscope a faisceau de particules chargées comportant :

I'équipement a faisceau de particules chargées selon 'une quelconque des revendications 1 a 3,

dans lequel le systéme optique a particules chargées (2, 4) comprend une lentille d’éclairage (2) et un objectif
(OB),

dans lequel le détecteur de figure de diffraction est un détecteur (57) également adapté pour détecter une image
agrandie de I'’échantillon générée par I'éclairage du faisceau de particules chargées, et

le microscope a faisceau de particules chargées comprenant en outre :

un objectif de projection (7) adapté pour agrandir et projeter la figure de diffraction ou 'image agrandie
dans le détecteur (57), et
une unité d’affichage d’image (105) adaptée pour afficher une image en fonction d’une sortie du détecteur.

11. Microscope a faisceau de particules chargées selon la revendication 10,

dans lequel I'ordinateur (63) est adapté pour utiliser un procédé de récupération de phase pour reconstituer 'image
objet a partir de l'intensité de la figure de diffraction.

1"
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